To study secular trends in average pregnancy weight gain between the 1960s and 2000 in Finland, and whether the changes were related to body mass index (BMI), age or parity. DESIGN: Three cross-sectional population surveys in Finland from three different periods. SUBJECTS: Women who were pregnant in Helsinki in the period 1954-1963 (N ¼ 2262), or in Tampere in the period 1985-1986 (N ¼ 1771) or in 2000-2001 (N ¼ 371). MEASUREMENTS: Pregnancy weight gain was determined from self-reported prepregnancy weight and measured weights during pregnancy. RESULTS: The mean age and prepregnancy BMI of all pregnant women increased between the 1960s and 2000 (from 26.5 to 29.6 y, from 21.9 to 23.7 kg/m 2 ). The mean pregnancy weight gain, adjusted for mother's age, BMI and parity, increased from the 1960s to the mid-1980s from 13.2 to 14.3 kg. The increase was observed in all BMI categories. Compared to the 1960 cohort, the proportion of women with a pregnancy weight gain of less than 10 kg decreased and the proportion of women with a weight gain of 15 kg or more increased in the 1980 cohort. After the mid-1980s, the average pregnancy weight gain remained the same. In all cohorts, overweight women gained least weight during pregnancy, but age and parity were not associated with BMI and parity-/age-adjusted pregnancy weight gain. Higher pregnancy weight gain was associated with higher mean child's birthweight and higher proportion of high birthweight babies in all cohorts. CONCLUSIONS: The mean pregnancy weight gain has increased since the 1960s, which may be of importance with regard to the development of later obesity. Factors other than changes in prepregnancy BMI, age and parity must explain the increased pregnancy weight gain over time.
Introduction
High pregnancy weight gain is associated with higher postpartum weight retention and higher risk of obesity, 1, 2 as well as higher child's birthweight, whereas low weight gain increases the risk of delivering a low birthweight baby. [3] [4] [5] Population-based data on trends in pregnancy weight gain over time are only available for the United States. The data from several nationally nonrepresentative studies indicate that the mean pregnancy weight gain increased from 10 kg during the period 1940-1960 to 15 kg in the 1980s. 6 The upward trend may have been related to more liberal recommendations regarding weight gain in the 1970s. 1, [5] [6] [7] Several maternal characteristics contribute to the magnitude of pregnancy weight gain. It has consistently been shown that obese women gain less weight during pregnancy on average than other women. 3, 4, [8] [9] [10] [11] Some studies suggest that primiparous women gain more weight than multiparous women. 1, 3, 4 The results from the few studies examining the effect of age on pregnancy weight gain are contradictory. 3, 4 In this study, we examine how pregnancy weight gain has changed in Finland during the last four decades, and whether the possible changes can be explained by prepregnancy body mass index (BMI), age or parity. In addition, we examine the relation between maternal weight gain and child's birthweight in the different time periods.
Material and methods

Cohorts
We used the data of three population-based cohorts of pregnant women. The first cohort consisted of women who were pregnant between 1954 and 1963 in Helsinki, the capital of Finland (n ¼ 4090). The cohort was a sample gathered for a study on hormone exposure during pregnancy, including about 2000 exposed women and 2000 controls. The cohort was collected from the standard maternity cards of municipal maternity centres, which were used by 85% of the pregnant women. The hormone-exposed women were a systematic sample of women who had been prescribed oestrogen or progestin drugs during pregnancy. For each exposed woman, a woman next in the maternity centre file, who gave birth during the same year and had not been prescribed hormones during pregnancy, was chosen as a control. The exposed women were a selected group, but they were included because their weight gain did not differ statistically significantly from that of controls, an unbiased sample of maternity centre users (13.5 vs 13.2 kg, P ¼ 0.111). The cohort has been described in detail earlier. 12, 13 The second cohort included 2048 women, who participated in a randomised controlled trial examining the benefits of routine iron prophylaxis during pregnancy in Tampere area in 1985-1986. 14 Tampere is one of the major towns in southern Finland. All women attending the municipal maternity centres in Tampere (15 centres) and in the five neighbouring communities (12 centres), covering 99.9% of pregnant women in the area, were included. Data on mother's pregnancy and health, anthropometric measurements and background characteristics were collected from forms based on data abstraction from maternity cards. The third cohort was collected for a study on health-care services at maternity centres in Tampere and its neighbouring province. Of all 698 women giving birth in the area between November 15, 2000 and January 14, 2001, 421 (60.3%) women were included in the study. The large number of nonrespondents was mainly due to the fact that the women were not asked to participate, nor did they receive the study questionnaire due to the high workload of the hospital personnel. The data were abstracted from maternity cards and patient records. When age, proportion of primiparous women, area, sections and deliveries of the study population were compared to those of all 698 women, or of all women giving birth in 2000 or 2001 in this area, no statistically significant differences were found.
In all cohorts, the measurements and the data recording were based on the same nation-wide system, in which midwives record all pregnancy data on a standard maternity card. Mother's weight is measured several times during pregnancy, but prepregnancy weight is self-reported.
For this study, we excluded mothers whose pregnancies ended in miscarriage, abortion or multiple births, and, in the first cohort, mothers whose weight measurements were outside the following time ranges: first and last visit at the maternity centre between the fourth and 45th gestation weeks, the time between the body weight measurements 3-300 days and delivery between 22nd and 45th gestation weeks (n ¼ 260), leaving 3473, 2048 and 410, respectively. After women with missing values in prepregnancy BMI, age, parity or pregnancy weight gain were excluded from the analyses, the final numbers of women included in the three cohorts were 2262, 1771 and 371, respectively.
Calculation of pregnancy weight gain
Pregnancy weight gain was initially determined as the difference between prepregnancy weight and the weight at the last measurement during pregnancy. Since in the first cohort, the timing of the weight measurements varied considerably, the total pregnancy weight gain was extrapolated until the 40th week of gestation by using the measured weight values (TI Kinnunen, R Luoto, M Gissler, E Hemminki and L Hilakivi-ClarkeFunpublished data). In the second cohort, the last weight measurement was the mean in the 36th week of gestation. The mother's weight in the 40th week was estimated from a straight line from the first measurement (around the 12th gestation week) to the last measurement. In the third cohort, the last weight measurement was the mean at the 39.3th week of gestation, but varied from the 34th to the 43rd week of gestation. To make the third cohort better comparable to the other cohorts, we estimated the mother's weight at the 40th week from a straight line from prepregnancy weight to the last measurement.
Statistical analyses
The mothers' age, parity, height, prepregnancy weight and BMI and pregnancy weight gain were compared between the cohorts. The significance of the differences in means was tested by analysis of variance and further by the Bonferroni test, and the proportions were tested by w significance of the differences between the cohorts was tested by analysis of covariance in which adjustments were made for BMI, age and parity. The differences were further tested by the Bonferroni test. In addition, linear regression models were used in each cohort to assess the contribution of BMI, age and parity to pregnancy weight gain. The estimated pregnancy weight gain was modelled as the dependent variable. The independent variables included prepregnancy BMI, age and parity. The differences in the child's mean birthweights (adjusted for gestational age) were tested between the cohorts and between the groups of pregnancy weight gain (o10.0, 10.0-14.9, 15.0-19.9, Z20 kg) in each cohort by using analysis of covariance. w 2 test was used to test the differences in the proportions of low (o2500 g) and high birthweight babies (44000 g) between the cohorts and between the groups of pregnancy weight gain.
Results
From the first to the last cohort, the mean age of all pregnant women increased, the proportion of young mothers (o25 y) declined and the proportion of older mothers (Z35 y)
Pregnancy weight gain in Finland TI Kinnunen et al increased (Table 1) . No statistically significant changes were found in the mean parity of pregnant women. An upward trend was observed in the mother's height, prepregnancy weight and prepregnancy BMI. The proportion of pregnant women with BMI Z25 kg/m 2 increased. The proportion of obese women (BMIZ30 kg/m 2 ) increased from 1.4% (95% confidence interval, CI 0.9-1.9%) in the first cohort, to 3.6% (CI 2.7-4.5%) in the second cohort and to 9.7% (CI 6.7-12.7%) in the third cohort. However, the proportion of women with BMI o20 kg/m 2 remained at the same level.
The mean pregnancy weight gain increased from 13.3 kg in the 1960 cohort to 14.3 kg in the 1980 cohort, but did not further increase in the 2000 cohort (Table 2) . Adjustment for BMI, age and parity did not change the results. The normal distribution of pregnancy weight gain is described by the cohort in Figure 1 . Compared to the 1960 cohort, the proportion of women with a pregnancy weight gain of less than 10 kg decreased from 18 to 13% and the proportion of women with a weight gain of more than 17 kg increased from 22 to 28% in the 1980 cohort (Po0.001). Pregnancy weight gain was not associated with age in any of the cohorts when the results were adjusted for BMI and parity. Parity was not associated with pregnancy weight gain in the two earliest cohorts. In the third cohort, pregnancy weight gain was lower in women who had three or more children than in women with one or two children (P ¼ 0.002). When adjusted for age and BMI, the results were essentially the same. The increase in pregnancy weight gain between the first and second cohorts was statistically significant only in women delivering their first child (Table 2) .
Pregnancy weight gain was lower in overweight women compared to underweight and normal weight women in all the three cohorts (Po0.001, Po0.001, P ¼ 0.023, respectively). Adjustment for age and parity did not essentially change the results (Figure 2 ). Compared to the first cohort, Pregnancy weight gain in Finland TI Kinnunen et al pregnancy weight gain in the second cohort increased among both underweight (P ¼ 0.006), normal weight (Po0.001) and overweight women (P ¼ 0.008). After adjustments for age and parity, the results were essentially the same (Figure 2) . Linear regression models were performed in each cohort to determine which of the variables statistically significantly contributed to pregnancy weight gain, and whether these variables were the same in each cohort. Variables that were not associated with pregnancy weight gain were excluded from the model. The squared multiple-correlation coefficient (R 2 ) indicates the proportion of variation in weight gain explained by all the variables in the model. In the first cohort, prepregnancy BMI and mother's age accounted for 2.1% of the variance in pregnancy weight gain. In the second cohort, prepregnancy BMI explained 1.0% of pregnancy weight gain. In the third cohort, parity and prepregnancy BMI explained 5.5% of the variance in pregnancy weight gain.
The mean child's birthweight, adjusted for gestational age, increased between the first and second cohorts (Po0.001), and remained at the same level in the third cohort (Table 3) . Higher pregnancy weight gain was associated with higher adjusted child's birthweight in all cohorts ( Table 3 ). The proportions of low birthweight babies (o2500 g) in the cohorts were 3.7% (95% CI 2.9-4.5), 2.4% (1.7-3.1) and 1.6% (0.3-2.9), respectively (P ¼ 0.011). There were no statistically significant differences in the proportions of low birthweight babies between the groups of pregnancy weight gain in any of the cohorts. The proportion of high birthweight babies (44000 g) increased from the first to the second cohort (Po0.001) ( Table 3 ). Higher pregnancy weight gain was associated with higher proportion of high birthweight babies in all cohorts, although not statistically significantly in the third cohort. In all, 25-36% of mothers with pregnancy weight gain Z20 kg delivered a high birthweight baby.
Discussion
All cohorts were relatively representative samples of pregnant women in the areas. The first cohort was collected in Helsinki and the others in Tampere, both of which are urban areas and quite near to each other. Even though the cohorts were originally collected for other purposes, we assume that pregnancy weight gain in these cohorts represented the weight gain of other pregnant women in these areas. However, we cannot exclude the possibility that the samples were selected. As the first cohort was somewhat biased to hormone-exposed women with (statistically nonsignificant) higher weight gain, the differences between the first and Pregnancy weight gain in Finland TI Kinnunen et al second cohorts may have been somewhat higher. The third cohort was much smaller than the other cohorts, and the confidence intervals for pregnancy weight gain were larger, making the results largely statistically nonsignificant. Self-reported body weight is often an underestimation of the real weight, especially among overweight people. 15, 16 One strength of our data is that all crucial variables are based on records made by midwives. However, as our data on prepregnancy weight are based on women's self-reports to midwives, under-reporting of prepregnancy weight may cause an overestimation of pregnancy weight gain, especially among overweight women. 1, 17, 18 However, the context of reporting of prepregnancy weight, including the actual measurement in the first visit, may have decreased false reporting, assuming that women knew their weight. We did not find any studies describing trends in under-reporting of body weight during the past decades. However, underreporting of energy intake has increased, 19 which may also indicate that body weight is increasingly underestimated. There were a lot of missing values of prepregnancy weight in the first cohort, and we had to exclude a large number of women (35%). Another possible source of bias, especially in the first cohort, was the estimation of total pregnancy weight gain, which aimed to increase the comparability of the cohorts. As a result of estimation, pregnancy weight gain may have been under-or overestimated. It is not known whether overweight women visited maternity centres less often or whether BMI varied by socioeconomic status in the 1950-60s. In the 1950s, women in the highest socioeconomic group may have used mainly private services, but, in the 1960s, practically all women attended the municipal maternity centres. 12, 13 Our study is the first to report pregnancy weight gain over time by prepregnancy weight. The mean pregnancy weight gain increased in all BMI categories over time. High pregnancy weight gain is associated with higher postpartum weight retention. 1, 2, 5 In 1990, the Institute of Medicine in the United States (IOM) recommended 12.5-18.0 kg weight gain for underweight, 11.5-16.9 kg for normal weight and 7.0-11.5 kg for overweight pregnant women. 6 In this study, pregnancy weight gain was within the recommended range in underweight and normal weight women in all three cohorts. In all cohorts, overweight women gained more weight than recommended. If we had considered women with BMI Z26 kg/m 2 (instead of BMI Z25 kg/m 2 ) to be overweight, as in the IOM's guidelines, pregnancy weight gain would have been in the recommended range in the first cohort, but not in the two later cohorts. Although only overweight mothers exceeded the weight gain recommendations, the public health impact is great because obesity is increasing.
The findings concerning the development of women's BMI and age at pregnancy in Finland concur with previous studies and statistics, which gives further support to the reliability of our data. In Finland, the mean BMI of nonpregnant women younger than 35 y began to increase significantly only after the early 1980s. 20, 21 The mean age of having the first child has increased by several years and the number of children decreased after the 1960s.
22,23
The mean birthweight has remained quite stable since the 1980s. 24 The average pregnancy weight gain increased in Finland and in the USA during the same period of time. However, the increase was much smaller in this study (from 13.3 to 14.3 kg, unadjusted) than in the USA (from 10 to 15 kg). 6 The difference may be due to the sampling, as the studies in the USA did not have representative samples of their population. Another possible explanation is that, possibly, pregnancy weight gain was not restricted as effectively in Finland as in the USA. 1, [5] [6] [7] From other countries, no time trends are available and knowledge of average pregnancy weight gain is limited to cross-sectional studies, in which weight gain has varied from 10.7 kg in the United Kingdom 4 to 14.1 kg in Sweden. 25 In the mid-1990s, the mean pregnancy weight gain in another Finnish study with smaller sample size (n ¼ 118) 11 was in the same range (14.6 kg) as our 2000
cohort.
In this study, overweight women gained the least weight in all the three cohorts. These findings are similar to the results from earlier studies. [8] [9] [10] In some studies, underweight women gained less weight than normal weight and overweight women, but obese women gained the least. 3, 4, 11 On the other hand, variation in pregnancy weight gain has been the largest among overweight and obese women. 3, 26 This was also observed in all cohorts in this study. Instead, there were no differences between the whole cohorts in terms of variation of pregnancy weight gain. In this study, higher maternal weight gain during pregnancy was related to higher mean child's birthweight as well as to higher proportion of high birthweight babies, which concurs with the earlier literature. [3] [4] [5] High pregnancy weight gain is associated with large infants, which increases the risk of prolonged labour and birth, birth trauma, caesarean birth and perinatal morbidity illnesses. 5, 6 On the other hand, low pregnancy weight gain is associated with increased risk for preterm birth and reduced fetal growth, which are associated with neonatal morbidity, developmental problems and other illnesses. 5, 6 In our study, the number of low birthweight babies was low (1.6-3.7%) in all cohorts.
The linear regression models explained only a minor proportion of the variation in pregnancy weight gain. These results are consistent with previous studies in which BMI, age and parity in addition to some other variables have explained only 3-10% of pregnancy weight gain. 4, 27 The results of this study suggest that factors other than changes in the age or BMI of pregnant women or in parity are responsible for the increase observed in the mean pregnancy weight gain. These factors may be the same as those that have contributed to the weight gain observed in the general population, for example, reduced total physical activity. 28, 29 The effect of diet and physical activity on pregnancy weight gain should be studied further.
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